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(57) ABSTRACT

The present invention provides a prediction device, a pre-
diction method, a program, and a recording medium, with
which whether or not desired aptamer sequences are
enriched can be predicted easily. The prediction device of
the present invention 10 includes an input unit 11, a calcu-
lation unit 12, and a prediction unit 13. The mput unit 11 1s
a unmt through which sequence mformation on a target
aptamer sequence group including selected aptamers 1n a
target pool and a reference aptamer sequence group includ-
ing reference aptamer sequences are mputted. The calcula-
tion unit 12 calculates the free energy of the target aptamer
sequence group and the free energy of the reference aptamer
sequence group. The prediction unit 13 compares the free
energy of these sequence groups, and predicts that the target
pool 1s an enriched pool when the free energy of the target
aptamer sequence group 1s lower than the free energy of the
reference aptamer sequence group. The reference aptamer
sequence group 1s a candidate aptamer sequence group
including a plurality of candidate aptamer sequences or a
virtual aptamer sequence group that is derived from the
target aptamer sequence group and includes virtual aptamer
sequences having the same base composition as the target
aptamer sequence group.

7 Claims, 10 Drawing Sheets
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PREDICTION DEVICE, PREDICTION
METHOD, PROGRAM, AND RECORDING
MEDIUM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage of International

Application No. PCT/IP2011/065232 filed Jul. 2, 2011,
claiming priority based on Japanese Patent Application No.
2010-152020 filed Jul. 2, 2010, the contents of all of which

are 1ncorporated herein by reference in their entirety.

TECHNICAL FIELD

The present invention relates to a prediction device, a
prediction method, a program, and a recording medium,
with which 1t 1s possible to predict whether or not desired
aptamer sequences are enriched from a plurality of candidate
aptamer sequences.

BACKGROUND ART

Aptamers are nucleic acid ligands that bind to their
targets, and generally are produced by the SELEX (System-
atic Evolution of Ligands by EXponential enrichment)
method (Patent Document 1, Non-Patent Document 1). In
the SELEX method, a plurality of rounds of selection
process are performed, each of which includes the step of
bringing a target into contact with an RNA library containing,
random sequences and the step of amplifying RNA bound to
the target. Thus, sequences that can bind to the target are
selected from an initial RNA library as desired aptamers.

Although an RNA pool 1s obtained in every round, the
proportion of the desired aptamers 1n the pool of each round
does not increase constantly as the round proceeds. Thus, the
number of rounds generally 1s set based on the empirical rule
of experimenters. However, 11 the number of rounds is set
based on the empirical rule, the above-described selection
process may be repeated even though a pool 1n which the
desired aptamers are enriched i1s obtained already, for
example. Also, for example, by repeating the above-de-
scribed selection process a plurality of times, variations of
RNAs contained in a pool are reduced. As a result, 1t appears
that RN As contained 1n the pool converge to desired aptam-
ers (herematter this also 1s referred to as “enrichment”).
However, there may be a case where the desired aptamers
actually are not enriched 1n the pool of the final round. Thus,
it 1s unknown how many rounds need to be performed 1n
order to enrich the desired aptamers 1n the pool. Thus, from
a practical standpoint, checking by a wet lab experiment 1s
necessary, such as checking a pool of each round, checking
the binding of RNAs taken as samples from each pool to the
target, or checking the proportion of the RNA with verified
bonding property to the target in the pool. As a result, there
1s a problem 1n that the SELEX method 1s not effective 1n
terms of labor, time, and cost.

CITATION LIST

Patent Document(s)

Patent Document 1: Japanese Patent No. 2763958

Non-Patent Document(s)

Non-Patent Document 1: Science. (1990) 249, 505-310.
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2
SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

With the foregoing 1n mind, 1t 1s an object of the present
invention to provide a prediction device, a prediction
method, a program, and a recording medium, with which 1t
1s possible to predict whether or not desired aptamer
sequences are enriched easily at the time of selecting the
desired aptamer sequences from libraries.

Means for Solving Problem

In order to achieve the above object, the present invention
provides a prediction device for predicting whether or not
desired aptamer sequences are enriched 1n a target pool that
contains selected aptamer sequences selected from a plural-
ity of candidate aptamer sequences. The prediction device
includes: an mput unit; a free energy calculation unit; and a
prediction unit for predicting whether or not desired aptamer
sequences are enriched. The mput unit 1s adapted to execute
an 1mmput step of mputting sequence information on a target
aptamer sequence group contained in the target pool and
sequence 1nformation on a reference aptamer sequence
group. The calculation unit 1s adapted to execute a calcula-
tion step of calculating a free energy of the target aptamer
sequence group based on the sequence information on the
target aptamer sequence group and a free energy of the
reference aptamer sequence group based on the sequence
information on the reference aptamer sequence group. The
prediction unit 1s adapted to execute a prediction step of
comparing the free energy of the target aptamer sequence
group with the free energy of the reference aptamer
sequence group and predicting that the desired aptamer
sequences are enriched in the target pool when the free
energy of the target aptamer sequence group 1s lower than
the free energy of the reference aptamer sequence group.
The reference aptamer sequence group 1s at least one of the
following (1) and (2):

(1) a candidate aptamer sequence group including the plu-
rality of candidate aptamer sequences; and

(2) a virtual aptamer sequence group that 1s derived from the
target aptamer sequence group and includes wvirtual
aptamer sequences having the same base composition as
the target aptamer sequence group.

The present invention also provides a prediction method
for predicting whether or not desired aptamer sequences are
enriched 1 a target pool that contains selected aptamer
sequences selected from a plurality of candidate aptamer
sequences. The prediction method includes: a calculation
step of calculating a free energy of the target aptamer
sequence group based on the sequence information on the
target aptamer sequence group contained in the target pool
and a free energy of the reference aptamer sequence group
based on the sequence mformation on the reference aptamer
sequence group; and a prediction step of comparing the free
energy ol the target aptamer sequence group with the free
energy ol the reference aptamer sequence group and pre-
dicting that the desired aptamer sequences are enriched 1n
the target pool when the free energy of the target aptamer
sequence group 1s lower than the free energy of the reference
aptamer sequence group. The reference aptamer sequence
group 1s at least one of the following (1) and (2):

(1) a candidate aptamer sequence group including the plu-
rality of candidate aptamer sequences; and

(2) a virtual aptamer sequence group that 1s derived from the
target aptamer sequence group and includes virtual
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aptamer sequences having the same base composition as

the target aptamer sequence group.

The present mnvention also provides a program that can
execute the prediction method of the present invention on a
computer.

The present invention also provides a recording medium

having recorded thereon the program of the present inven-
tion.

Eftects of the Invention

According to the present invention, 1t 1s possible to predict
casily whether or not the desired aptamer sequences are
enriched merely by comparing the free energy of the target
aptamer sequence group with the free energy of the refer-
ence aptamer sequence group. Thus, for example, 1t 1s
possible to prevent the selection process for enriching the
desired aptamers from being repeated excessively or the
number of the selection rounds for enrichment from being
insuilicient. Moreover, by predicting whether or not the
enrichment has been achieved according to the present
invention, checking by a wet lab experiment needs to be
performed only with respect to a pool for which such
checking 1s considered to be necessary, resulting 1n reduc-
tion 1n labor and cost, for example.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows block diagrams showing an embodiment of
the prediction device according to the present invention.

FIG. 2 1s a flowchart illustrating an embodiment of the
prediction method and prediction program according to the
present mvention.

FIG. 3 1s a flowchart illustrating the embodiment of the
prediction method and prediction program according to the
present invention.

FIG. 4 1s a block diagram showing another embodiment
of the prediction device according to the present invention.

FIG. 5 1s a block diagram showing still another embodi-
ment of the prediction device according to the present
invention.

FIG. 6 1s a flowchart 1llustrating another embodiment of
the prediction method and prediction program according to
the present ivention.

FIG. 7 1s a flowchart illustrating the embodiment of the
prediction method and prediction program according to the
present mvention.

FIG. 8A 15 a graph showing the mean of free energies in
a virtual aptamer sequence group including 10,000 virtual
aptamer sequences 1n Example 1 of the present invention.
FIG. 8B 1s a graph showing the mean of free energies 1n a
virtual aptamer sequence group including 1,000 wvirtual
aptamer sequences 1 Example 1 of the present invention.

FIG. 9 1s a graph showing the variance of free energies in
a virtual aptamer sequence group ncluding 100,000 virtual
aptamer sequences in Example 1 of the present imnvention.

FIG. 10 1s a graph showing the mean of free energies in
a sampled aptamer sequence group and the mean of free
energies 1n a virtual aptamer sequence group 1n Example 1
according to the present invention.

MOD.

L1

FOR CARRYING OUT THE INVENTION

The mventors of the present invention conducted a dili-
gent study, and as a result, they found out that a pool 1n
which desired aptamer sequences are enriched exhibits a
lower free energy than a pool 1 which desired aptamer
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4

sequences are not enriched. As a result, the following
prediction becomes possible: when free energies of any two
pools are compared with each other and one of the pools
exhibits a lower Iree energy than the other pool, desired
aptamer sequences in the former pool are more enriched
than those 1n the latter pool. The inventors of the present
invention also found out that, when a virtual aptamer
sequence group ncluding virtual aptamer sequences having
the same base composition as an aptamer sequence group
contained 1 a pool 1s generated, 1 desired aptamer
sequences are enriched in the pool, the aptamer sequence
group contained 1n the pool exhibits a lower free energy than
the virtual aptamer sequence group. As a result, the follow-
ing prediction becomes possible: regarding an arbitrary
pool, when the free energy of an aptamer sequence group
contained 1n the pool 1s compared with the free energy of the
virtual aptamer sequence group derived therefrom and found
to be lower than the free energy of the virtual aptamer
sequence group, the desired aptamer sequences are enriched
in the pool.

In the present invention, the term “desired aptamer
sequence’” refers to a nucleic acid sequence that can bind to
a given target. The term “candidate aptamer sequence”
refers to a nucleic acid sequence whose binding property to
the target 1s unknown, thus serving as a candidate for the
desired aptamer sequence. The term “selected aptamer
sequence” refers to an aptamer sequence satisiying a given
condition among the candidate aptamer sequences. In the
present 1nvention, “enrichment of desired aptamer
sequences’ means that, for example, when aptamer
sequences satisiying a given condition are selected from a
pool P, containing a plurality of candidate aptamer
sequences to obtain a pool P containing the selected
aptamer sequences, the proportion of the desired aptamer
sequences 1n the pool P, atter the selection (such a propor-
tion also referred to as “the number of duplications™) 1s
higher than that in the pool P, prior to the selection. Also,
“desired aptamer sequences are enriched” also can be
referred to as “nucleic acid sequences contained in a pool
converge to desired aptamer sequences”, for example.

In the present invention, the term “target pool” refers to a
pool to be subjected to prediction as to whether or not
desired aptamer sequences are enriched therein, and this
pool contains selected aptamer sequences selected from a
plurality of candidate aptamer sequences. In the present
invention, the term “target aptamer sequence group’” refers
to an aptamer sequence group including the selected aptamer
sequences 1n the target pool, and hereinaiter, it may also be
referred to as a “selected aptamer sequence group”, for
example. The target aptamer sequence group may be a group
including all the selected aptamer sequences contained in the
target pool, or may be a group including some of them, for
example.

In the present invention, the term “reference aptamer
sequence group’ refers to an aptamer sequence group to be
compared with the target aptamer sequence group at the time
of making the above-described prediction regarding the
target pool. The reference aptamer sequence group will be
described 1n detail below.

The present mnvention can be used for making the predic-
tion 1n the following manner. First, screening 1s performed
an arbitrary number of times (m times) with respect to a
reference pool P, containing a plurality of candidate aptamer
sequences to carry out selection from the candidate aptamer
sequences. A target pool P, containing the selected can-
didate aptamer sequences (selected aptamer sequences) 1s
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then subjected to prediction as to whether or not desired
aptamer sequences therein are more enriched than those 1n
the reference pool P,.

“n” 1n the reference pool P, indicates whether or not the
pool P, has been subjected to selection by a given screening,
and the number of times the screeming 1s performed (round),
and 1s O or a positive integer. That 1s, for example, a pool P,
(n=0) 1indicates a pool not yet subjected to a given screening
and thus contains candidate aptamer sequences not yet
subjected to selection; a pool P, (n=1) indicates a pool
containing candidate aptamer sequences selected by subject-
ing the pool P, to a given screening one time, for example;
and a pool P, (n=2) indicates a pool containing candidate
aptamer sequences selected by subjecting the pool P, to a
grven screening one more time.

On the other hand, the pool P_ indicates that the pool P
has been subjected to selection by subjecting the pool P, to
a given screening m times, and m 1s a positive mteger. That
1s, when n 1s O and m 1s 1, a pool P, =P, 1s a pool
containing selected aptamer sequence selected by subjecting
a pool P, which 1s not yet subjected to a given screening and
thus contains candidate aptamer sequences not yet subjected
to selection, to a given screening one time. The given
screening 1s not limited, and may be, for example, a selec-
tion process used 1n the SELEX method. The present inven-
tion 1s particularly useful for predicting whether or not
desired aptamer sequences are enriched in a pool obtained 1n
cach round in the SELEX method.

As described above, the prediction device of the present
invention 1s a prediction device for predicting whether or not
desired aptamer sequences are enriched 1n a target pool that
contains selected aptamer sequences selected from a plural-
ity of candidate aptamer sequences. The prediction device
includes: an mput unit; a free energy calculation unit; and a
prediction unit for predicting whether or not desired aptamer
sequences are enriched. The mput unit 1s adapted to execute
an 1mput step ol mputting sequence information on a target
aptamer sequence group contained in the target pool and
sequence 1nformation on a relference aptamer sequence
group. The calculation unit 1s adapted to execute a calcula-
tion step of calculating a free energy of the target aptamer
sequence group based on the sequence information on the
target aptamer sequence group and a free energy of the
reference aptamer sequence group based on the sequence
information on the reference aptamer sequence group. The
prediction unit 1s adapted to execute a prediction step of
comparing the free energy of the target aptamer sequence
group with the free energy of the reference aptamer
sequence group and predicting that the desired aptamer
sequences are enriched in the target pool when the free
energy of the target aptamer sequence group 1s lower than
the free energy of the reference aptamer sequence group.
The reference aptamer sequence group 1s at least one of the
following (1) and (2): (1) a candidate aptamer sequence
group 1ncluding the plurality of candidate aptamer
sequences; and (2) a virtual aptamer sequence group that 1s
derived from the target aptamer sequence group and
includes virtual aptamer sequences having the same base
composition as the target aptamer sequence group.

The prediction device of the present mvention may be
configured so that, for example, the candidate aptamer
sequence group (1) 1s used as the reference aptamer
sequence group, and the prediction umt compares the cal-
culated free energy of the target aptamer sequence group
with a calculated free energy of the candidate aptamer
sequence group and predicts that the desired aptamer
sequences are enriched in the target pool when the free
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energy of the target aptamer sequence group 1s lower than
the free energy of the candidate aptamer sequence group (1).

The prediction device of the present invention may be
configured so that, for example, the wvirtual aptamer
sequence group derived from the target aptamer sequence
group (2) 1s used as the reference aptamer sequence group,
and the prediction unit compares the calculated free energy
of the target aptamer sequence group with a calculated tree
energy of the virtual aptamer sequence group (2) and pre-
dicts that the desired aptamer sequences are enriched in the
target pool when the free energy of the target aptamer
sequence group 1s lower than the free energy of the virtual
aptamer sequence group (2).

The prediction device of the present invention may be
configured so that, for example, 1t turther includes a gen-
cration unit for generating the virtual aptamer sequences,
and the generation unit 1s adapted to execute a generation
step of generating the virtual aptamer sequence group (2) by
generating the virtual aptamer sequences having the same
base composition as the target aptamer sequence group
based on the inputted sequence information on the target
aptamer sequence group.

The prediction device of the present invention may be
configured so that, for example, the candidate aptamer
sequence group (1), the virtual aptamer sequence group (2),
and a virtual aptamer sequence group (3) shown below are
used as the reference aptamer sequence groups: (1) the
candidate aptamer sequence group including the plurality of
candidate aptamer sequences; (2) the wvirtual aptamer
sequence group that 1s derived from the target aptamer
sequence group and includes virtual aptamer sequences
having the same base composition as the target aptamer
sequence group; and (3) a virtual aptamer sequence group
that 1s dernived from the candidate aptamer sequence group
and includes virtual aptamer sequences having the same
base composition as the candidate aptamer sequence group,
and the prediction unit executes the prediction step of:
comparing the free energy of the target aptamer sequence
group with the free energy of the virtual aptamer sequence
group derived from the target aptamer sequence group (2);
comparing the Ifree energy of the candidate aptamer
sequence group (1) with the free energy of the virtual
aptamer sequence group derived from the candidate aptamer
sequence group (3); and predicting that the desired aptamer
sequences are enriched 1n the target pool when reduction of
the free energy of the target aptamer sequence group relative
to the free energy of the virtual aptamer sequence group
derived from target aptamer sequence group (2) 1s greater
than reduction of the free energy of the candidate aptamer
sequence group (1) relative to the free energy of the virtual
aptamer sequence group derived from the candidate aptamer
sequence group (3).

The prediction device of the present invention may be
configured so that, for example, 1t further includes: a gen-
eration unit for generating the virtual aptamer sequences,
and the generation unit 1s adapted to execute a generation
step of: generating the virtual aptamer sequence group (2) by
generating the virtual aptamer sequences having the same
base composition as the target aptamer sequence group
based on the sequence information on the target aptamer
sequence group; and generating the wvirtual aptamer
sequence group (3) by generating the wvirtual aptamer
sequences having the same base composition as the candi-
date aptamer sequence group based on the sequence infor-
mation on the candidate aptamer sequence group.
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In the prediction device of the present invention, the

number of sequences 1n the virtual aptamer sequence group
1s from 100 to 10,000,000, for example.
In the prediction device of the present invention, the
number of sequences 1n the target aptamer sequence group
and the number of sequences in the candidate aptamer
sequence group are both from 5 to 100,000,000, for
example.

In the prediction device of the present invention, the free
energy 1s at least one of a mean and a variance of free
energies of the respective sequences, for example.

The prediction device of the present invention may be
configured so that, for example, 1t further includes an output
unit, and the output unit 1s adapted to output a result of
prediction made by the prediction unit.

As described above, the prediction method of the present
ivention 1s a prediction method for predicting whether or
not desired aptamer sequences are enriched 1n a target pool
that contains selected aptamer sequences selected from a
plurality of candidate aptamer sequences. The prediction
method includes: a calculation step of calculating a free
energy ol the target aptamer sequence group based on the
sequence mformation on the target aptamer sequence group
contained in the target pool and a free energy of the
reference aptamer sequence group based on the sequence
information on the reference aptamer sequence group; and a
prediction step of comparing the free energy of the target
aptamer sequence group with the free energy of the refer-
ence aptamer sequence group and predicting that the desired
aptamer sequences are enriched 1n the target pool when the
free energy of the target aptamer sequence group 1s lower
than the free energy of the reference aptamer sequence
group. The reference aptamer sequence group 1s at least one
of the following (1) and (2):

(1) a candidate aptamer sequence group including the plu-
rality of candidate aptamer sequences; and

(2) a virtual aptamer sequence group that 1s derived from the
target aptamer sequence group and includes wvirtual
aptamer sequences having the same base composition as
the target aptamer sequence group.

The prediction method of the present invention may be
configured so that all the steps are executed on a computer.

The prediction method of the present invention may be
configured so that, for example, the candidate aptamer
sequence group (1) 1s used as the reference aptamer
sequence group, and 1n the prediction step, the free energy
of the target aptamer sequence group 1s compared with the
free energy of the candidate aptamer sequence group (1),
and when the free energy of the target aptamer sequence
group 1s lower than the free energy of the candidate aptamer
sequence group (1), 1t 1s predicted that the desired aptamer
sequences are enriched in the target pool.

The prediction method of the present invention may be
configured so that the virtual aptamer sequence group
derived from the target aptamer sequence group (2) 1s used
as the reference aptamer sequence group, and 1n the predic-
tion step, the free energy of the target aptamer sequence
group 1s compared with the free energy of the virtual
aptamer sequence group (2), and when the free energy of the
target aptamer sequence group 1s lower than the free energy
of the virtual aptamer sequence group (2), 1t 1s predicted that
the desired aptamer sequences are enriched in the target
pool.

The prediction method of the present invention may be
configured so that 1t further includes a generation step of
generating virtual aptamer sequences, and the generation
step 15 a step ol generating the virtual aptamer sequence

10

15

20

25

30

35

40

45

50

55

60

65

8

group (2) by generating the virtual aptamer sequences

having the same base composition as the target aptamer

sequence group based on the sequence information on the
target aptamer sequence group.

The prediction method of the present invention may be
configured so that the candidate aptamer sequence group (1),
the virtual aptamer sequence group (2), and a virtual aptamer
sequence group (3) shown below are used as the reference
aptamer sequence groups:

(1) the candidate aptamer sequence group including the
plurality of candidate aptamer sequences;

(2) the virtual aptamer sequence group that 1s dertved from
the target aptamer sequence group and includes virtual
aptamer sequences having the same base composition as
the target aptamer sequence group; and

(3) a virtual aptamer sequence group that 1s derived from the
candidate aptamer sequence group and includes virtual
aptamer sequences having the same base composition as
the candidate aptamer sequence group.

The prediction step 1s a step of: comparing the {ree energy

of the target aptamer sequence group with the free energy of

the virtual aptamer sequence group derived from the target
aptamer sequence group (2); comparing the free energy of
the candidate aptamer sequence group (1) with the free
energy of the virtual aptamer sequence group derived from
the candidate aptamer sequence group (3); and predicting
that the desired aptamer sequences are enriched 1n the target
pool when reduction of the free energy of the target aptamer
sequence group relative to the free energy of the virtual
aptamer sequence group derived from target aptamer
sequence group (2) 1s greater than reduction of the free
energy of the candidate aptamer sequence group (1) relative
to the free energy of the virtual aptamer sequence group

derived from the candidate aptamer sequence group (3).
The prediction method of the present mvention may be

configured so that 1t further includes a generation step. The
generation step 1s a step of: generating the virtual aptamer
sequence group (2) by generating the virtual aptamer
sequences having the same base composition as the target
aptamer sequence group based on the sequence information
on the target aptamer sequence group; and generating the
virtual aptamer sequence group (3) by generating the virtual
aptamer sequences having the same base composition as the
candidate aptamer sequence group based on the sequence
information on the candidate aptamer sequence group.

In the prediction method of the present invention, the
number of sequences 1n the virtual aptamer sequence group
1s from 100 to 10,000,000, for example.

In the prediction method of the present invention, the
number of sequences 1n the target aptamer sequence group
and the number of sequences in the candidate aptamer
sequence group are both from 5 to 100,000,000, for
example.

In the prediction method of the present invention, the free
energy 1s at least one of a mean value and a variance value,
for example.

The program according to the present imvention can
execute the prediction method of the present mnvention on a
computer.

The recording medium according to the present invention

has recorded thereon the program according to the present
invention.

More specific embodiments of the present invention will
be described with reference to the accompanying drawings.
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It 1s to be noted, however, that the present invention 1s by no
means limited to the following embodiments.

Embodiment 1

The present embodiment 1s directed to an example where
the candidate aptamer sequence group (1) 1s used as the
reference aptamer sequence group. The candidate aptamer
sequence group includes a plurality of candidate aptamer
sequences.

According the present embodiment, for example, when a
pool P, containing the plurality of candidate aptamer
sequences 1s subjected to selection to obtain a pool P,
containing the thus-selected aptamer sequences, it 1s pos-
sible to predict whether or not the desired aptamer sequences
in the pool P, are more enriched than those 1n the pool P, .

In the present embodiment, the pool P, containing the
plurality of candidate aptamer sequences is referred to as a
“reference pool” or “candidate pool” to be compared with
the target pool. The reference aptamer sequence group, 1.€.,
the candidate aptamer sequence group 1s a group including,
any candidate aptamer sequences among the candidate
aptamer sequences in the candidate pool. The candidate
aptamer sequence group may be a group including all the
candidate aptamer sequences in the candidate pool, or may
be a group including some of them.

The target pool P, 1s a pool containing the selected
aptamer sequences selected from the plurality of candidate
aptamer sequences and also 1s referred to as a “selected
pool”. The target aptamer sequence group 1s a group 1nclud-
ing any selected aptamer sequences among the selected
aptamer sequences 1n the target pool, and also 1s referred to
as a “selected aptamer sequence group”. The target aptamer
sequence group may be a group including all the selected
aptamer sequences in the target pool, or may be a group
including some of them.

Hereinafter, in the present embodiment, the reference
aptamer sequences also are referred to as “candidate aptamer
sequences’’, the reference aptamer sequence group also 1s
referred to as a “candidate aptamer sequence group”, the
target aptamer sequences also are referred to as “selected
aptamer sequences”, and the target aptamer sequence group
also 1s referred to as a “selected aptamer sequence group”.

FIG. 1A shows an example of the configuration of the
prediction device according to the present embodiment. As
shown 1 FIG. 1A, a prediction device 10 includes an input
unit 11, a free energy calculation unit 12, an enrichment
prediction unit 13, and an output unit 14. The free energy
calculation unit 12 and the enrichment prediction unit 13
may be incorporated 1n a data processing device 15, which
1s hardware, for example, as shown 1 FIG. 1A. The data
processing device 15 may include CPU and the like, for
example.

The mput unit 11 1s connected electrically to the free
energy calculation unit 12, for example. The free energy
calculation unit 12 1s connected electrically to the enrich-
ment prediction unit 13, for example. The enrichment pre-
diction unit 13 1s connected electrically to the output unit 14,
for example.

The input unit 11 1s a unit through which sequence
information on the candidate aptamer sequence group (the
reference aptamer sequence group) and sequence informa-
tion on the selected aptamer sequence group (the target
aptamer sequence group) are inputted to the iree energy
calculation unit 12. The mput unit 11 1s not particularly
limited, and examples thereof include: input devices gener-
ally included 1n computers, such as a keyboard and a mouse;
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input files; and other computers. As shown in FIG. 1B, the
input unit 11 may be a unit for reading out the sequence
information on the candidate aptamer sequence group and
the selected aptamer sequence group, which 1s stored 1n a
database, for example. In this case, for example, as shown 1n
FIG. 1B, the sequence information previously stored in a
server 16 1s read out by the imput unit 11 through a line
network 17. The mput unit 11 may include, for example, a
communication interface 111, as shown i1n FIG. 1B. In FIG.
1B, the same components as those in FIG. 1A are given the
same reference numerals.

The number of aptamer sequences on which sequence
information 1s to be mputted through the mput unit 11 1s not
particularly limited. As the sequence information on the
candidate aptamer sequence group, for example, sequence
information on all the candidate aptamer sequences con-
tamned 1n the reference pool may be mputted, or sequence
information on some of the candidate aptamer sequences
may be inputted. Also, as the sequence information on the
selected aptamer sequence group, for example, sequence
information on all the selected aptamer sequences contained
in the target pool may be mputted, or sequence information
on some of the selected aptamer sequences may be mputted.
Specifically, the number of sequences 1n each of the candi-
date aptamer sequence group and the selected aptamer
sequence group on which sequence information 1s to be
inputted through the mput umt 11 1s 5 to 100,000,000,
preferably 10 to 100,000, and more preferably 20 to 200, for
example.

The enrichment of the desired aptamer sequences gener-
ally can be carried out by performing a plurality of rounds
ol screening with respect to an aptamer sequence library.
Thus, 1n this enrichment process, an 1mtial pool (round 0)
before starting screening and pools of the respective rounds
are obtained, for example. In the present invention, for
example, from the initial pool not yet subjected to the
screening and the pools of the respective rounds having
subjected to the screening, pools can be selected and set as
the reference pool and the target pool. The pool of any round
can be set as the reference pool P, . Since the target pool P,
1s a pool containing the selected aptamer sequences selected
as described above, a pool of a round subsequent to the
round of the reference pool can be set as the target pool P, .,
for example. In the reference pool P, and the target pool
P . ., n and m each indicate the number of times the
screening has been performed (1.¢., round). n 1s 0 or a
positive integer, and m 1s a positive mteger. Specifically, as
the reference pool P, it 1s possible to set a pool P, (round
n=0) not yet subjected to the screening or a pool P, _, (round
n=1) having subjected to the screening at least one time, for
example. On the other hand, as the target pool P, . 1t 1s
possible to set a pool P, of a round n+m (n 1s 0 or a
positive iteger, and m 1s a positive integer), which has been
further subjected to the screeming m times after the round n,
for example. When the reference pool 1s the pool P, of the
round 0, 1t 1s possible to set, as the target pool P, _ ., a pool
P_ . of a round subsequent to the round 0, specifically, the
pool P, of the round 1 and/or the pool P, _, of a round
subsequent to the round 1, for example.

In the present embodiment, for example, not only
sequence information on aptamer sequences in each of two
kinds of pools of any different rounds set as the reference
pool and the target pool but also sequence information on
aptamer sequences in at least one pool of any other different
round may be mputted. Alternatively, for example, sequence
information on aptamer sequences 1n pools of all the rounds
may be inputted. In these cases, for example, the reference
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pool and the target pool may be set after the mput of the
sequence 1nformation, and then, the free energies of the
respective pools may be calculated as will be described
below. Alternatively, for example, the reference pool and the
target pool may be set after the calculation of free energies
of the pools of the respective rounds on which sequence
information has been 1putted, and then, the free energy of
the target pool may be compared with the free energy of the
reference pool as will be described below. As described
above, sequence information to be mputted regarding each
pool may be sequence information on all the aptamer
sequences contained therein or on some of them, for
example.

The sequence information on each of the candidate
aptamer sequences and the selected aptamer sequences may
be sequence information on aptamers actually produced by
a wet lab experiment or on aptamers designed by a dry lab
experiment (1n silico), for example. Specifically, in the case
where the candidate aptamer sequences are sequences of
aptamers produced by a wet lab experiment, for example,
aptamers selected from the candidate aptamers by a wet lab
experiment based on a given condition can be set as selected
aptamers, and information on the sequences of these aptam-
ers can be set as sequence information on the selected
aptamer sequences. The method for selecting aptamers by a
wet lab experiment 1s not particularly limited, and can be a
SELEX method, for example. On the other hand, 1n the case
where the candidate aptamer sequences are sequences of
aptamers designed 1n silico, for example, aptamer sequences
selected from the candidate aptamer sequences in silico
based on a given condition can be set as the selected aptamer
sequences. The method for selecting the aptamer sequences
in silico 1s not particularly limited, and can be, for example,
selecting aptamer sequences having a given feature from the
candidate aptamer sequences based on the sequence infor-
mation thereon. The feature 1s not particularly limited, and
can be set as appropriate. Examples of the feature include
the arrangement of bases, the appearance frequency of each
base, the putative secondary structure, the content of each
base, the appearance frequency of successive bases, the
presence or absence of a motil sequence, and the melting
temperature.

The free energy calculation unit 12 calculates the free
energy of the candidate aptamer sequence group from the
iputted sequence information on the candidate aptamer
sequence group 1n the reference pool, and calculates the free
energy ol the selected aptamer sequence group from the
inputted sequence information on the selected aptamer
sequence group in the target pool. The free energy of the
candidate aptamer sequence group also can be referred to as
the free energy of the reference pool, for example. The free
energy of the selected aptamer sequence group also can be
referred to as the free energy of the target pool, for example.
The free energy can be calculated from the inputted
sequence mnformation, for example. The free energy can be
calculated based on: sequence information on the sequences,
such as the arrangement of bases, the putative secondary
structure, and the content of each base; and solvent infor-
mation such as the temperature and the salt concentration,
for example. The calculation method 1s not particularly
limited. The calculation can be carried out by a convention-
ally known method, examples of which include: a method
utilizing free energy minimization with the use of Miold (M.

Zuker, Miold web server for nucleic acid folding and
hybridization prediction. Nucleic Acids Res. 31 (13), 3406-
15, 2003) or RNA{fold (Andreas R Gruber et al., The vienna

rna websuite. Nucleic Acids Res, 36 (Web Server 1ssue):
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W70-W74, July 2008). The free energy preferably 1s a
minimum Iree energy (MFE), for example.

The free energy of the candidate aptamer sequence group
may be, for example, the mean or vanance of the free
energies ol the respective candidate aptamer sequences
included 1n the candidate aptamer sequence group. Specifi-
cally, based on the inputted sequence information on the
plurality of candidate aptamer sequences, the iree energies
of the respective candidate aptamer sequences are calcu-
lated, and further, the mean or variance of the thus-calcu-
lated free energies 1s calculated, which may be set as the
mean or the variance of the free energies in the candidate
aptamer sequence group. Similarly, the free energy of the
selected aptamer sequence may be, for example, the mean or
the variance of the free energies of the respective selected
aptamer sequences 1ncluded i the selected aptamer
sequence group. Specifically, based on the inputted sequence
information on the plurality of selected aptamer sequences,
the free energies of the respective selected aptamer
sequences are calculated, and further, the mean or varance
of the thus-calculated free energies 1s calculated, which may
be set as the mean or the variance of the free energies 1n the
selected aptamer sequence group. The number of the can-
didate aptamer sequences and the number of the selected
aptamer sequences to be subjected to free energy calculation
are not particularly limited, and each may be, for example,
5 to 100,000,000, preterably 10 to 100,000, and more
preferably 20 to 200.

The enrichment prediction unmit 13 retrieves the free
energy information from the free energy calculation unit 12
and compares the free energy of the selected aptamer
sequence group 1n the target pool with the free energy of the
candidate aptamer sequence group in the reference pool.
Then, when the free energy of the selected aptamer sequence
group 1s lower than the free energy of the candidate aptamer
sequence group, the enrichment prediction unit 13 predicts
that the desired aptamer sequences are enriched 1n the target
pool. That 1s, 1t can be predicted that the desired aptamers in
the target pool are more enriched than those 1n the reference
pool.

It 1s preferable to predict that the desired aptamer
sequences are enriched 1n the target pool when, for example,
the free energy of the selected aptamer sequence group in the
target pool 1s significantly lower than the free energy of the
candidate aptamer sequence group in the reference pool,
because this improves the reliability of the results of pre-
diction. The method for determining whether or not the
difference between these free energies 1s significant 1s not
particularly limited, and examples thereof include the t test
and the K-S test. For example, 1n the case of the t test, it can
be determined that the difference 1s significant with the
significance level of 5% (P=0.03).

The output unit 14 1s not particularly limited as long as it
1s a unit that outputs the results of prediction made by the
enrichment prediction unit 13. The output unit 14 1s not
particularly limited, and examples thereof include: output
devices generally 1included in computers, such as a display
device and a printer; output files; and other computers.

Next, with reference to the flowcharts of FIGS. 2 and 3,
a prediction method of the present embodiment will be
described. The prediction method of the present embodi-
ment includes a free energy calculation step (S21) and an
enrichment prediction step (522).

|[Free Energy Calculation Step]

From the sequence information on the candidate aptamer
sequence group 1n the reference pool and the sequence
information on the selected aptamer sequence group 1n the
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target pool, the free energy (Cy) of the candidate aptamer
sequence group and the free energy (S;) of the selected

aptamer sequence group are calculated, respectively (S301).
The free energy calculation step can be carried out by the
free energy calculation unit 12, for example. Heremafter,
“Cz” also 1s referred to as the free energy of the reference
pool, and “S,” also 1s referred to as the free energy of the
target pool (the same applies hereinatter).

|[Enrichment Prediction Step]

The free energy (S;) of the selected aptamer sequence
group 1n the target pool 1s compared with the free energy
(C) of the candidate aptamer sequence group in the refer-
ence pool to determine whether or not the free energy (S;)
of the selected aptamer sequence group 1s lower than the free
energy (C,) of the candidate aptamer sequence group, 1.€.,
whether or not “S,<C,” 1s satisfied (5302).

S,: the free energy of the selected aptamer sequence

group
C,: the free energy of the candidate aptamer sequence

group

Then, when the free energy (S,) of the selected aptamer
sequence group 1s lower than the free energy (C,) of the
candidate aptamer sequence group, it 1s predicted that the
desired aptamers in the target pool are more enriched than
those 1n the reference pool (S303). When the free energy
(S,) of the selected aptamer sequence group 1s the same as
or higher than the free energy (C) of the candidate aptamer
sequence group, 1t 1s predicted that the desired aptamers are
not enriched 1n the target pool (S304). Through the above-
described steps, the enrichment prediction 1s completed.

In the case where, for example, sequence information on
aptamer sequence groups in pools of two or more rounds or
all the rounds has been mputted as described above, the
tollowing steps may be performed repeatedly, for example:
the step of selecting, from the aptamer sequence groups in
the plurality of pools, aptamer sequence groups 1n any of the
pools as the candidate aptamer sequence group in the
reference pool and the selected aptamer sequence group in
the target pool; the step of calculating the free energies of the
thus-selected candidate aptamer sequence group and
selected aptamer sequence group; and the step of predicting
enrichment. Alternatively, for example, subsequent to the
step ol calculating the free energies of the respective
aptamer sequence groups in the plurality of pools, the step
of selecting aptamer sequence groups 1n any of the pools as
the candidate aptamer sequence group 1n the reference pool
and the selected aptamer sequence group 1n the target pool
and the step of predicting enrichment may be performed
repeatedly. In these cases, the same reference pool or dif-
terent reference pools may be used 1n the respective enrich-
ment prediction steps, for example. By doing so, it 1s
possible to predict which of the plurality of pools 1s the one
in which desired aptamer sequences are enriched.

The results of prediction may be outputted by the output
unit 14 1n accordance with the conditions specified by the
user, for example. The output unit 14 may have a function
of outputting the sequence information on the candidate
aptamer sequence, the sequence information on the selected
aptamer sequence, the free energies, etc., 1 addition to the
results of prediction, for example.

Embodiment 2

FIG. 4 shows an example of the configuration of a
prediction device 40 according to the present embodiment.
In FIG. 4, the same components as those 1n FIG. 1 are given
the same reference numerals. Unless otherwise stated, the
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present embodiment 1s the same as Embodiment 1. As
shown i FIG. 4, the prediction device 40 has the same
configuration as the prediction device of Embodiment 1,
except that 1t further includes a sequence storage unit 41 and
a free energy storage unit 42. In other words, the prediction
device 40 1includes an 1input unit 11, a free energy calculation
unit 12, an enrichment prediction unit 13, an output unit 14,
the sequence storage unit 41, and the free energy storage unit
42. As shown 1n FIG. 4, the free energy calculation unit 12
and the enrichment prediction unit 13 may be incorporated
in a data processing device 15, which 1s hardware, for
example. The free energy calculation unit 12 and the enrich-
ment prediction unit 13 each may be software 1tself, or may
be hardware with installed software, for example. The data
processing device 15 may include CPU and the like, for
example. As shown 1n FIG. 4, the sequence storage unit 41
and the free energy storage unit 42 may be mcorporated 1n
a storage device 43, which 1s hardware, for example.

As shown 1n FIG. 4, the sequence storage unit 41 1s
connected electrically to the input unit 11 and the free energy
calculation unit 12, for example. The free energy storage
unit 42 1s connected electrically to the free energy calcula-
tion unit 12 and the enrichment prediction unit 13, for
example.

The sequence storage unit 41 stores information on the
aptamer sequences mnputted through the mput unit 11, and
outputs the information to the free energy calculation unit
12, for example.

The free energy storage unit 42 stores the free energies
calculated by the free energy calculation unit 12 in associa-
tion with the corresponding pools, 1.e., the reference pool
and the target pool, and outputs information on the free
energies to the enrichment prediction unit 13.

In the case where sequence nformation on aptamer
sequence groups 1n pools of a plurality of rounds has been
inputted through the mput unit 11 as described above, the
sequence storage unit 41 may store the sequence information
on the aptamer sequences in the pools of all the rounds or
two or more rounds, for example, and output the information
to the free energy calculation unit 12. Then, the free energy
storage unit 42 may store the free energies calculated by the
free energy calculation unit 12 1in association with the
corresponding pools. Among these free energies, the free
energy storage unit 42 may output the mformation on the

free energies of any two pools selected as the reference pool
and the target pool to the enrichment prediction unit 13.

Embodiment 3

The present embodiment 1s an example where the virtual
aptamer sequence group (2) 1s used as the reference aptamer
sequence group. The virtual aptamer sequence group (2) 1s
a virtual aptamer sequence group that 1s derived from the
target aptamer sequence group and includes virtual aptamer
sequences having the same base composition as the target
aptamer sequence group.

Hereinatter, 1n the present embodiment, the reference
aptamer sequences also are referred to as the “virtual
aptamer sequences”’, the reference aptamer sequence group
also 1s referred to as the “virtual aptamer sequence group”,
and the target aptamer sequence group including selected
aptamer sequences also 1s referred to as the “selected
aptamer sequence group .

FIG. SA shows an example of the configuration of the
prediction device of the present embodiment. In FIG. SA,
the same components as those in FIG. 1A are given the same
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reference numerals. Unless otherwise stated, the present
embodiment 1s the same as Embodiment 1.

As shown in FIG. 5A, a prediction device 50 has the same
configuration as the prediction device 10 of Embodiment 1
shown 1n FIG. 1A, except that it further includes a virtual
aptamer generation unit 54. Specifically, the prediction
device 50 includes an mput unit 11, the virtual aptamer
generation unit 54, a free energy calculation unit 12, an
enrichment prediction umt 13, and an output unit 14. As
shown 1 FIG. SA, the virtual aptamer generation unit 54,
the free energy calculation unit 12, and the enrichment
prediction unit 13 may be incorporated 1n a data processing,
device 15, which 1s hardware, for example. The virtual
aptamer generation unit 34, the free energy calculation unit
12, and the enrichment prediction unit 13 each may be
soltware 1tself, or may be hardware with installed software,
for example. As shown 1 FIG. 3B, the mnput unit 11 may be
a unit for reading out sequence mformation on the candidate
aptamer sequence group and the selected aptamer sequence
group, which 1s stored in a database, for example. In this
case, for example, as shown in FIG. 3B, the sequence
information previously stored in a server 16 1s read out by
the mput unit 11 through a line network 17. The mput unit
11 may include, for example, a communication interface
111, as shown in FIG. 5B. In FIG. 3B, the same components
as those 1 FIG. 5A are given the same reference numerals.

As shown 1n FIG. 5A, the virtual aptamer generation unit
54 1s connected electrically to the input unit 11 and the free
energy calculation unit 12, for example.

Based on the inputted sequence information on the
selected aptamer sequence group in the target pool, the
virtual aptamer generation unmt 54 generates virtual aptamer
sequences having the same base composition as the selected
aptamer sequence group, thus generating a virtual aptamer
sequence group including the virtual aptamer sequences.
The virtual aptamer sequences can be generated based on the
base composition 1n the selected aptamer sequence group in
the target pool, for example. Specifically, for example, based
on information on the base sequences ol the respective
selected aptamer sequences included 1n the selected aptamer
sequence group, the appearance frequency of each base 1n
the selected aptamer sequence group 1s determined, and 1s
set as the base composition. Then, base sequences that can
have this base composition are generated randomly, thereby
providing a plurality of virtual aptamer sequences having the
same base composition. Thus, the virtual aptamer sequence
group including the wvirtual aptamer sequences can be
obtained. In the present embodiment, as the sequence infor-
mation on the selected aptamer sequence group 1n the target
pool, the base composition thereof may be mputted through
the input unit 11, for example. In this case, virtual aptamer
sequences can be generated based on the mputted base
composition, for example. The number of virtual aptamers
to be generated 1s not particularly limited, and 1s, for
example, 100 to 10,000,000, preterably 1,000 to 1,000,000,
and more preferably 10,000 to 100,000. The sequence
information on the virtual aptamer sequence group may be
inputted through the input unit 11, for example.

Based on the inputted sequence information on the virtual
aptamer sequence group derived from the target aptamer
sequence group, the free energy calculation unit 12 calcu-
lates the free energy of the virtual aptamer sequence group.
The free energy can be calculated in the above-described
manner, for example.

The enrichment prediction umit 13 retrieves the free
energy information from the free energy calculation unit 12,
and compares the free energy of the selected aptamer
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sequence group with the free energy of the virtual aptamer
sequence group derived from the selected aptamer sequence
group. Then, when the free energy of the selected aptamer
sequence group 1s lower than the free energy of the virtual
aptamer sequence group, the enrichment prediction unit 13
predicts that the desired aptamer sequences are enriched in
the target pool.

It 1s preferable to predict that the desired aptamer
sequences are enriched 1n the target pool when, for example,
the free energy of the selected aptamer sequence group 1s
significantly lower than the free energy of the wvirtual
aptamer sequence group derived from the selected aptamer
sequence group, because this improves the reliability of the
results of prediction. The method for determining whether or
not the difference between these free energies 1s significant
1s not particularly limited, and may be the same as described
above.

In the present embodiment, for example, the free energy
of the selected aptamer sequence group in the target pool
also may be compared with the free energy of the candidate
aptamer sequence group in the reference pool, as in Embodi-
ment 1.

Similarly to the prediction device 40 of Embodiment 2
shown 1n FIG. 4, the prediction device of the present
embodiment also may further include a sequence storage
unmit 41 and a free energy storage unit 42, for example. The
sequence storage unit 41 may store, 1in addition to the
sequence nformation on the selected aptamer sequence
group 1n the target pool, sequence information on the virtual
aptamer sequence group generated by the virtual aptamer
generation unit, and may output the information to the free
energy calculation unit 12, for example. The sequence
storage unit 41 further may store sequence imformation on
the candidate aptamer sequence group 1n the reference pool,
and may output the sequence information to the free energy
calculation unit 12. The free energy storage umt 42 may
store, 1n addition to the free energy of the selected aptamer
sequence group 1n the target pool calculated by the free
energy calculation unit 12, the free energy of the virtual
aptamer sequence group derived from the selected aptamer
sequence group 1n association with the target pool, and may
output the free energy information to the enrichment pre-
diction umt 13, for example. Also, the free energy storage
umt 42 further may store the free energy of the candidate
aptamer sequence group 1n the reference pool 1n association
with the reference pool, and may output the free energy
information to the enrichment prediction unit 13.

Next, with reference to the flowcharts of FIGS. 6 and 7,
a prediction method of the present embodiment will be
described. The prediction method of the present embodi-
ment includes a virtual aptamer generation step (560), a free
energy calculation step (S61), and an enrichment prediction
step (S562).

| Virtual Aptamer Generation Step]

Based on the selected aptamer sequence group in the
target pool, the virtual aptamer sequence group including the
virtual aptamer sequences having the same base composition
as the target aptamer sequence group 1s generated (S700).

[Free Energy Calculation Step]

Subsequently, from the sequence information on the
selected aptamer sequence group 1n the target pool and the
sequence information on the virtual aptamer sequence group
derived from the selected aptamer sequence group, the free
energy (S,) of the selected aptamer sequence group and the
free energy (S;,) of the virtual aptamer sequence group are
calculated, respectively (5701). This free energy calculation
step can be carried out by the free energy calculation unit 12,
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for example. Hereinafter, “S;” also 1s referred to as the free
energy of the target pool, and “S,;”” also 1s referred to as the
free energy of the reference pool (the same applies herein-
after).

|[Enrichment Prediction Step]

The calculated free energy (S5) of the selected aptamer
sequence group 1n the target pool 1s compared with the
calculated free energy (S,) of the virtual aptamer sequence
group derived from the selected aptamer sequence group to
determine whether or not the free energy (S;) of the selected
aptamer sequence group 1s lower than the free energy (S,
of the virtual aptamer sequence group, 1.e., whether or not
“S <877 1s satistied (S702).

S,: the free energy of the selected aptamer sequence

group

S, the free energy of the virtual aptamer sequence group

Then, when the free energy (S) of the selected aptamer
sequence group 1n the target pool 1s lower than the free
energy (S;-) of the virtual aptamer sequence group derived
from the selected aptamer sequence group, it 1s predicted
that the desired aptamers are enriched in the target pool
(S703). When the free energy (S,) of the selected aptamer
sequence group 1n the target pool 1s the same as or higher
than the free energy (S;) of the virtual aptamer sequence
group derived from the selected aptamer sequence group, 1t
1s predicted that the desired aptamers are not enriched 1n the
target pool (S704). Through the above-described steps, the
enrichment prediction 1s completed.

In the present embodiment, for example, the prediction of
enrichment 1s possible merely by comparing the free energy
of the selected aptamer sequence group 1n the target pool
with the free energy of the virtual aptamer sequence group
derived from the selected aptamer sequence group.

In the present embodiment, for example, 1n the free
energy calculation step, the free energy (C) of the candidate
aptamer sequence group 1in the reference pool also may be
calculated, as 1n Embodiment 1. Then, in the enrichment
prediction step, 1t 1s also possible to predict enrichment by
comparing the free energy (S,) of the selected aptamer
sequence group 1n the target pool with the free energy (Cj)

of the candidate aptamer sequence group in the reference
pool.

Embodiment 4

The present embodiment 1s directed to an example where
the candidate aptamer sequence group (1), the wvirtual
aptamer sequence group (2), and the wvirtual aptamer
sequence group (3) are used as the reference aptamer
sequence groups. Unless otherwise stated, Embodiment 4
can be carried out in the same manner as Embodiment 1,
Embodiment 2 and Embodiment 3.

(1) the candidate aptamer sequence group including a plu-
rality of candidate aptamer sequences

(2) the virtual aptamer sequence group that 1s dertved from
the target aptamer sequence group and includes virtual
aptamer sequences having the same base composition as
the target aptamer sequence group

(3) the virtual aptamer sequence group that 1s derived from
the candidate aptamer sequence group and includes vir-
tual aptamer sequences having the same base composition
as the candidate aptamer sequence group

The prediction method of the present embodiment
includes a virtual aptamer generation step, a iree energy
calculation step, and an enrichment prediction step.

[ Virtual Aptamer Generation Step]
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Based on the selected aptamer sequence group in the
target pool, the wvirtual aptamer sequence group that i1s
derived from the selected aptamer sequence group and
includes virtual aptamer sequences having the same base
composition as the selected aptamer sequence group (2) 1s
generated. On the other hand, based on the candidate
aptamer sequence group 1n the reference pool (1), the virtual
aptamer sequence group that 1s derived from the candidate
aptamer sequence group and includes virtual aptamer
sequences having the same base composition as the candi-
date aptamer sequence group (3) 1s generated.

|[Free Energy Calculation Step]

Subsequently, from the selected aptamer sequence group
in the target pool and the virtual aptamer sequence group
derived from the selected aptamer sequence group (2), the
free energy (S) of the selected aptamer sequence group and
the free energy (S;) of the virtual aptamer sequence group
derived from the selected aptamer sequence group (2) are
calculated, respectively. On the other hand, from the candi-
date aptamer sequence group 1n the reference pool (1) and
the virtual aptamer sequence group derived from candidate
aptamer sequence group (3), the free energy (C,) of the
candidate aptamer sequence group (1) and the free energy
(C,) of the virtual aptamer sequence group derived from
candidate aptamer sequence group (3) are calculated,
respectively. The step of calculating these free energies can
be carried out by the free energy calculation unit 12, for
example.
| Enrichment Prediction Step]

The free energy (S,) of the selected aptamer sequence
group 1n the target pool 1s compared with the free energy
(S,,) of the virtual aptamer sequence group derived from the
selected aptamer sequence group (2) to determine whether
or not the free energy (S,) of the selected aptamer sequence
group 1s lower than the free energy (S;) of the virtual
aptamer sequence group (2), 1.e., whether or not “S <5, 1s
satisfied.

S.: the free energy of the selected aptamer sequence

oup

S, the free energy of the virtual aptamer sequence group

On the other hand, the calculated free energy (Cy) of the
candidate aptamer sequence group in the reference pool (1)
1s compared with the free energy (C,-) of the virtual aptamer
sequence group derived from the candidate aptamer
sequence group (3) to determine whether or not the free
energy (Cy) of the candidate aptamer sequence group (1) 1s
lower than the free energy (C,) of the virtual aptamer
sequence group (3), 1.e., whether or not “C,<<C;”” 1s satisfied.

C,: the free energy of the candidate aptamer sequence

group

C,- the free energy of the virtual aptamer sequence group

Next, regarding the target pool, the reduction of the free
energy (S,) of the selected aptamer sequence group relative
to the free energy (S;,) of the virtual aptamer sequence group
derived from the selected aptamer sequence group (2) 1s
determined (S, ~S;). Also, regarding the reference pool, the
reduction of the free energy (C,) of the candidate aptamer
sequence group (1) relative to the free energy (C;) of the
virtual aptamer sequence group derived from the candidate
aptamer sequence group (3) 1s determined (C,;~C). Then,
when the reduction in the target pool (S;~S;) 1s greater than
the reduction i the reference pool (C,~C), 1t can be
predicted that the desired aptamer sequences 1n the target

pool are more enriched than those in the reference pool.

Embodiment 5

In the case where, regarding the target pool, the free
energy ol the selected aptamer sequence group 1s compared
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with the free energy of the virtual aptamer sequence group
derived from the selected aptamer sequence group (2),
whether the diflerence between these free energies 1s sig-
nificant can be determined by the following methods, for
example. It 1s to be noted, however, that these methods
merely are 1llustrative examples and do not limait the present
invention by any means. The same apples to the case where,
regarding the reference pool, the free energy of the candidate
aptamer sequence group (1) 1s compared with the free
energy of the virtual aptamer sequence group derived from
the candidate aptamer sequence group (3).

(1) Comparison Between Two Groups

On the basis of the frequency of each base (A, G, C, and
T and/or U) 1 a selected aptamer sequence group S con-
tained 1n the target pool, random sequences that exhibit the
same Irequency are generated, thus providing a virtual
aptamer sequence group S,. The free energies calculated
from the selected aptamer sequence group S are represented
by “g”, and the free energies calculated from the virtual
aptamer sequence group S, are represented by “g . In a pool
in which desired aptamer sequences are enriched, the free
energy distribution 1n a selected aptamer sequence group 1s
significantly lower than the free energy distribution in a
virtual aptamer sequence group, as described above. There-
fore, when the distribution of the free energies g in the
selected aptamer sequence group 1s lower than the distribu-
tion of the free energies g, in the virtual aptamer sequence
group, 1t can be said that the desired aptamer sequences are
enriched 1n the pool. In order to demonstrate that the
distribution of the free energies g in the selected aptamer
sequence group 1s lower than the distribution of the free
energies g, 1n the virtual aptamer sequence group, a hypoth-
es1s represented by the following expressions (1) 1s formu-
lated. In the following expressions, u 1s the mean of the free
energies g in the selected aptamer sequence group, and 1, 1s
the mean of the free energies g, in the virtual aptamer
sequence group. When this hypothesis 1s refuted, 1t 1s
demonstrated that the mean of the free energies g in the
selected aptamer sequence group 1s significantly lower than
the mean of the free energies g in the virtual aptamer

sequence group.

(1)

In this example, the diflerence between these mean values
1s examined by the Welch’s t test. The t value 1s represented
by the following expression (2), and follows the t distribu-
tion with the degree of freedom v. n 1s the number of the
selected aptamer sequences in the selected aptamer sequence
group S, and n, 1s the number of virtual aptamer sequences
in the virtual aptamer sequence group. v 1s represented by
the following expression (3) where an estimate of the
variance 1s used.

Hunriizp,, Hogep<p,

ﬁ_ﬁr (2)
[ = ~ V)
A2 A2
g o
1 1
s s 2
2 o 3
—_— _|__
1 1l
V=3 ~ 4
&
_|_

(2) Comparison with Statistical Population
As 1n the above item (1), the free energies calculated from
the selected aptamer sequence group S contained 1n the
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target pool are represented by g. Assuming that g follows the
normal distribution, the following expression (4) 1s obtained.

G~N(p,07) (4)

Next, as i1n the above item (1), on the basis of the
frequency of each base in the selected aptamer sequence
group S, random sequences that exhibit the same frequency
are generated, thus providing a virtual aptamer sequence
group S,. The free energies calculated from the virtual
aptamer sequence group S, are represented by g, and the
mean thereof 1s represented by u,. A hypothesis represented
by the following expression (5) 1s formulated. At this time,
the t value 1s represented by the following expression (6) and
tollows the t distribution with the degree of freedom n-1.
When this hypothesis 1s refuted, 1t 1s demonstrated that the
mean W of the free energies g in the selected aptamer
sequence group 1s significantly lower than the mean u, of the
free energies g 1n the virtual aptamer sequence group.

Hyuiri it = po, Hapipt < o ()
Vi (= o) (0)
[ = - ~fn—1)
or

(3) Parallel Shiit of Distribution

When the free energy of the selected aptamer sequence
group contained 1n the target pool 1s significantly lower than
the free energy of the virtual aptamer sequence group
derived from the selected aptamer sequence group, it 1s
possible to determine whether the difference between these
free energies 1s suflicient in the following manner, for
example.

A hypothesis represented by the following expressions (7)
1s Tormulated. In the following expressions, u 1s the mean of
the free energies g calculated from the selected aptamer
sequence group S, U, 1s the mean of the free energies g,
calculated trom the virtual aptamer sequence group S,, and
0 1s a parameter mndicating the difference between these
means. At this time, the t value 1s represented by the
following expression (8) and follows the t distribution with
the degree of freedom n—-1. When this hypothesis 1s refuted,
it 1s demonstrated that the mean p of the free energies g 1n
the selected aptamer sequence group 1s significantly lower
than the mean 11, of the free energies g, in the virtual aptamer
sequence group.

HNHH:,(I, 3_*,(1[].—(‘5, Hﬁff:#{ﬂ{]_é (7)

(8)

_ N (= (o = 6)

o

~tn—1)

Embodiment 6

When the free energy of the selected aptamer sequence
group 1n the target pool 1s compared with the free energy of
the candidate aptamer sequence group 1n the reference pool,
it 1s possible to determine whether the difference between
these free energies 1s significant 1n the following manner, for
example.

(1) Comparison Between Rounds

The pool of the 1-th round (i1-th) 1s set as a reference pool.
The distributions of free energies calculated from a candi-
date aptamer sequence group S’ contained in the reference
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pool is represented by 1. On the other hand, a pool of the j-th
round (j-th), which 1s an arbitrary round subsequent to the
i-th round, 1s set as a target pool. A selected aptamer
sequence group contained 1n the target pool 1s represented by
S, and the distribution of the free energies calculated from
the selected aptamer sequence group ¥ is represented by .
It 1s to be noted that 1>1. A hypothesis represented by the
following expression (9) 1s formulated, and the Welch’s t test
1s conducted. If the test result shows the difference 1is
significant, the mean of the distributions ¥ of the free
energies 1n the j-th round 1s lower than the mean of the
distributions 1’ of the free energies in the i-th round. That is,
it 1s possible to determine enrichment of desired aptamer
sequences 1s more advanced 1n the j-th round than 1n the 1-th
round.

HyrW 2!, Ho ey <p’ (9)

The program of the present mvention 1s a program that
causes the above-described prediction device of the present
invention to execute a method for using the prediction
device. The program of the present imvention may be
recorded on a recording medium, for example. The record-
ing medium 1s not particularly limited, and examples thereof
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primer regions were totally identical, and the sequences of
the random regions were different from one another.

In the SELEX method, with selection and amplification of
aptamers bound to the target as one set of processes to be
performed 1n each round, the initial pool (RO) was subjected
to the set of processes 8 times i1n total, and pools were
obtained from the respective rounds (R1 to R8). The pools
ol the respective rounds were subjected to surface plasmon
resonance analysis of intermolecular interaction using Bia-
core X (trade name, GE Healthcare UK Ltd.) to measure the
binding ability to HMGB1 (Rmax: unit “RU”).

Table 1 below shows information on the pool of each
round. In Table 1, “Number’ indicates the number of all the
aptamers (the number of sequences) contained 1n the pool of
cach round; “Base composition” indicates, regarding the
pool of each round, the base composition (the appearance

frequency of each base) in the random region of all the
aptamers contained in the pool; “Rmax” indicates the
HMGBI1-binding ability of the pool of each round; an
“MFE mean™ and “MFE variance” indicate the mean (kcal/

mol) and variance ((kcal/mol)*) of minimum free energies
(MFE) 1n the pool of each round.

TABLE 1

Base composition MFE mean MFE Rmax
Round  Number A C G T (Kcal/mol) wvariance (RU)
R1 10635 0.2028 0.3078 0.1899 0.2994 -1R8.68 15.34 44.90
R2 10153  0.1945 0.3198 0.1826 0.3031 -18.11 13.38 45.65
R3 8122 0.1968 0.3203 0.1742 0.3087 -17.69 13.51 41.30
R4 9552  0.1999 03114 0.1709 0.3177 -17.8 14.26 30.56
RS 8232  0.196 0.318 0.1776 0.3082 -18.65 18.12 11.81
R6 2884  0.1948 0.3301 0.21 0.265 -22.88 17.39 24.48
R7 R785  0.1969 0.3192 0.2132 0.2707 -23.45 12.33 85.44
R& 9051 0.1947 0.3061 0.2313 0.2679 -24.55 5.69  127.86

include HDD, CD-ROM (CD-R, CD-RW), DVD, and a
memory card. The program of the present invention may be
installed previously in the above-described prediction
device of the present invention, or may be installed in the
same via the recording medium or a line network such as the
Internet, for example. It 1s not always necessarily that the
program of the present invention is mnstalled 1n the above-
described prediction device of the present invention. For
example, the program of the present invention stored 1n a
server may cause the above-described device to execute the
above-described use method.

EXAMPLES

Hereinatiter, the present invention will be described by
way of examples. It 1s to be noted, however, that the present
invention 1s by no means limited by the following examples.

Example 1

In the present example, using an 1mitial pool containing a
plurality of aptamers, desired primers that can bind to human
HMGBI1 (High Mobility Group Box 1; trade name “H4652
HMG-17, Sigma Chemical Co.) were enriched by the
SELEX method.

A pool containing a plurality of aptamers was used as the
initial pool of the round 0. The aptamers in the mitial pool
cach had a primer region in its 3' end region and 3' end
region and had a random region between the 3' end region
and 5' end region. In these aptamers, the sequences of the
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Furthermore, imn order to verily the reliability of the
analysis based on the free energies to be described below,
surface plasmon resonance analysis of intermolecular inter-
action actually was performed with respect to the pools of
the respective rounds to examine 1n which round the enrich-
ment of the desired aptamers bound to HMGBI1 was
achieved. Specifically, regarding the pool of each round, the
presence or absence of a duplicate sequence (the sequence of
a plurality of the same aptamers significantly present in the
pool) and the binding to HMGB1 was examined. Further-
more, by surface plasmon resonance analysis of 1ntermo-
lecular interaction, aptamers actually bound to HMGBI
(HMGBI1-binding aptamers) were selected from the pool of
R8, and the base sequence of the HMGB1-binding aptamers
was determined. Still further, based on the sequences of the
HMGB1-binding aptamers, motif analysis was conducted
with respect to the aptamers contained in each pool.

As a result, 1n the pools of R1 to R3, no significantly
present duplicate sequence was observed. In the pool of R4,
although duplicate sequences having the motif of the
HMGBI1-binding aptamer sequence were detected, binding
to HMGBI1 did not occur, so that the HMGBI1-binding
aptamer sequences were not enriched. In the pool of R3,
some kinds of duplicate sequences were detected actually,
and 1t was found that the duplicate sequences with low

appearance Irequencies 1n the pool were the sequences of the

aptamers bound to HMGB1. From this fact, 1t was found that
the HMGB1-binding aptamers were enriched 1n the pool of
R5. Also, 1 the pools of R6 and R/, some kinds of duplicate
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sequences were detected, and 1t was found that the duplicate
sequences with high appearance frequencies (excluding the
duplicate sequence with the highest appearance frequency)
in the pool were the sequences of the aptamers bound to
HMGBI1. From this fact, it was found that the HMGBI-
binding aptamers in the pools of R6 and 7 were more
enriched than those 1n the pool of R3. Also, 1n the pool of
R8, some kinds of duplicate sequences were detected, and 1t
was found that some kinds of duplicate sequences with high
appearance Irequencies including the highest appearance
frequency 1n the pool were the sequences of the aptamers
bound to HMGBJ1. Since the duplicate sequences with high
appearance Irequencies including the highest appearance
frequency bound to HMGBI, 1t was found that the HMGB]1 -
binding aptamers 1n the pool of R8 were still more enriched
than those 1n the pools of R6 and R7. From these results, in
the analysis based on the free energies to be described below,
if the diflerence 1n free energy was found to be significant 1n
the pools of R1 to R4, the analysis result was considered to
be false positive, and 11 the difference 1n free energy was not
found to be significant in the pools of R5 to RS, the analysis
result was considered to be false negative.

(1-1) Free Energy of Virtual Aptamer Sequences

Based on the base composition 1n each round shown in
Table 1, virtual aptamer sequences having the same base
composition were generated on a computer. The number of
virtual aptamer sequences was set to 1,000, 10,000, and
100,000. Then, the free energies of the respective virtual
aptamer sequences were determined, and the mean and
variance of the free energies 1n the pool of each round were
calculated. The generation of the virtual aptamer sequences
and the calculation of the mean and variance of the free
energies were carried out 10 times 1n total (n=10).

FIG. 8 shows the mean of the free energies in each round,
obtained 1n the 10 trials. FIG. 8 A shows the results obtained
when 10,000 virtual aptamer sequences were generated per
round, and FIG. 8B shows the results obtained when 1,000
virtual aptamer sequences were generated per round. In FIG.
8, the vertical axis indicates the mean of the free energies
(unit: kcal/mol), and the horizontal axis indicates the num-
ber of trials (n=1 to 10). As shown in FIG. 8, 1n the case
where 1,000 or 10,000 virtual aptamer sequences were
generated 1n each round, the mean of the free energies was
substantially constant throughout the 10 trials. In particular,
it was found that, by generating 10,000 virtual aptamer
sequences, the mean of the free energies can be calculated
very stably.

FIG. 9 shows the variance of the free energies 1n each
round, obtained in the 10 trnials. FIG. 9 shows the results
obtained when 100,000 virtual aptamer sequences were
generated per round. In FIG. 9, the vertical axis indicates the
variance of the free energies (unit: (kcal/mol)®), and the
horizontal axis indicates the number of trials (n=1 to 10). As
shown 1n FIG. 9, 1n the case where 100,000 virtual aptamer
sequences were generated 1n each round, the free energy of
the virtual aptamer sequences was substantially constant
throughout the 10 trials.

(1-2) Comparison Between Sampled Aptamer Sequences
and Virtual Aptamer Sequences

From the pools of the respective rounds shown 1n Table 1,
a predetermined number of aptamer sequences were taken as

samples. The number of the aptamer sequences taken as
samples was set to 20, 40, 60, 80, 100, 120, 140, 160, 180,

or 200. The base compositions 1n random regions of all the
predetermined number of sampled aptamer sequences taken
from the respective rounds were analyzed. Then, based on
the thus-analyzed base compositions of the respective
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rounds, 10,000 virtual aptamer sequences having the same
base compositions were generated on a computer. Subse-
quently, the free energies of the sampled aptamer sequences

and the virtual aptamer sequences were determined using
RNATfold (Andreas R Gruber et al., The vienna rna websuite.

Nucleic Acids Res, 36 (Web Server 1ssue): W/70-W74, July
2008). Then, the mean of the free energies of the sampled
aptamer sequences and the mean of the free energies of the
virtual aptamer sequences in the pools of the respective
rounds were calculated. The free energies were calculated
under the following conditions: a temperature of 37° C., a
minimum stem length of 2 base pairs (hereinatter the same).
The generation of the virtual aptamer sequences and the
calculation of the mean of the free energies were carried out
100 times 1n total (n=100). Then, among the 100 trials, the
number of times the mean free energy (S5) of the sampled
aptamer sequences was lower than the mean free energy (S,
of the virtual aptamer sequences was counted.

The results thereof are shown 1n Table 2 below. Table 2
shows, for each round and each number of samples, the
number of times the mean free energy (S5) of the sampled
aptamer sequences was lower than the mean free energy (S;,)
of the virtual aptamer sequences. Table 2 also shows the
binding ability (Rmax) of the pool of each round.

TABLE 2
Number
of Number of the times Sp < 8, was satisfied (in 100 trials)
samples Rl R2 R3 R4 RS R6 R7 R&
20 36 20 21 54 73 100 100 100
40 35 8 22 48 85 100 100 100
60 36 15 10 47 89 100 100 100
80 31 6 11 57 92 100 100 100
100 26 8 18 55 92 100 100 100
120 33 4 7 48 97 100 100 100
140 28 5 5 50 9% 100 100 100
160 26 4 3 58 9% 100 100 100
180 24 2 1 57 99 100 100 100
200 15 1 4 52 9% 100 100 100
Rmax 44.90 45.65 41.30 30.56 11.81 24 .48 85.44 127.86

(RU)

As aresult of the free energy analysis, as can be seen from
Table 2, regardless of the number of samples, the number of
times S,<S; was satisfied increased from R5 to be close to
100, and reached 100 i R6 and the rounds subsequent
thereto. These results agreed with the results of the above-
described surface plasmon resonance analysis of intermo-
lecular 1nteraction where the binding to HMGB1 was actu-
ally examined. Thus, 1t can be said that the free energy
analysis can determine whether or not aptamer sequences
that can bind to a target substance are enriched with high
sensitivity.

Moreover, among the above-described 100 trials, the
number of times the mean free energy (S,) of the sampled
aptamer sequences was lower than the mean free energy (S;,)
of the virtual aptamer sequences was counted according to
the t test with the significance level set at 5%.

The results thereof are shown 1n Table 3 below. Table 3
shows, for each round and each number of samples, the
number of times the mean free energy (S,) of the sampled
aptamer sequences was lower than the mean free energy (S;)

ol the virtual aptamer sequences with the significance level
of 5%. Table 3 also shows the binding ability (Rmax) of the
pool of each round.
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TABLE 3
Number Number of the times Sp < S, was satisfied
of (significance level: 5%) (in 100 trials)
samples Rl R2 R3 R4 R5 R6 R/ RS
20 0 0 0 0 0 93 99 100
40 0 0 0 0 6 100 100 100
60 0 0 0 0 4 100 100 100
80 0 0 0 0 9 100 100 100
100 0 0 0 0 11 100 100 100
120 0 0 0 0 9 100 100 100
140 0 0 0 0 15 100 100 100
160 0 0 0 0 22 100 100 100
180 0 0 0 1 16 100 100 100
200 0 0 0 0 24 100 100 100
Rmax 44.90 45.65 41.30 30.56 11.81 2448 85.44 127.86
(RU)

As a result, as can be seen from Table 3, regardless of the
number of samples, the number of times S <5, was satisfied
(significance level: 5%) was substantially O until R4. It
increased from RS, and reached 100 in R6 and the rounds
subsequent thereto. When the number of samples was 40 or
more, the number of times S,<S; was satisfied was com-
pletely 100. These results agreed with the results of the
above-described surface plasmon resonance analysis of
intermolecular interaction where the binding to HMGBI
was actually examined. In particular, by using the t test in
combination, the results obtained regarding R4 became
substantially 0. Thus, it can be said that 1t 1s possible to
determine whether or not aptamer sequences that can bind to
a target substance are enriched with high reliability, while
avoiding the occurrence of false positive regarding R4. Also,
since stable results were obtained when the number of
samples was 40 or more, 1t can be said that, by setting the
number of samples to at least 40, false negative determina-
tion can be avoided and the reliability can further be
improved.

Furthermore, regarding the pool each round when the

number of samples was 20, 40, 80, or 180, the standard
deviation of the mean free energy 1s shown in Table 4 below.

TABLE 4

Standard deviation of mean
free energy
Number of samples

Round 20 40 30 180

R1 0.7296 0.6492 0.4839 0.2842
R2 0.8145 0.5586 0.4343 0.2601
R3 0.8847 0.5837 0.4572 0.2992
R4 0.7800 0.5629 0.4054 0.2773
RS 1.0029 0.7364 0.4450 0.3301
R6 0.9230 0.6966 0.4675 0.3305
R7 0.7012 0.5965 0.3771 0.2489
RS 0.5622 0.3199 0.2230 0.1759

As can be seen from Table 4, the standard deviation
decreased in keeping with the increase in the number of
samples. From this result, 1t can be said that, for example, by
increasing the number of samples, determination with higher
reliability becomes possible at any stage of the selection
process.

(1-3) Comparison Between Sampled Aptamer Sequences
from Different Rounds and Comparison Between Sampled
Aptamer Sequences and Virtual Aptamer Sequences

Except that all the aptamer sequences contained in the
pool of each round were set as sampled aptamer sequences
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in the pool, generation of 10000 virtual aptamer sequence
and calculation of the mean of free energies of the sampled
aptamer sequences and the means of free energies of the
virtual aptamer sequence were carried out in the same
manner as in the item (1-2) above. The results thereof are
shown 1n the box plot of FIG. 10. In FIG. 10, the vertical axis
indicates the free energy (unit kcal/mol), and the horizontal
axis 1ndicates the round (R1 to R8). In FIG. 10, the left half
shows the results obtained regarding the sampled aptamer
sequences, and the right half show the results obtained
regarding the virtual aptamer sequences.

First, medians of the free energies of the sampled aptamer
sequences of the respective rounds were compared with each
other. As a result, the free energy decreased considerably 1n
R6 and the rounds subsequent thereto, as compared with the
degree of decrease 1n R1 to R5. As described above, R6 was
found to be the round where the HMGB1-binding aptamers
were enriched considerably. These results demonstrate that
it 1s possible to check whether or not desired aptamers are
enriched by checking the decrease 1n free energy.

Next, regarding each round, the median of the free
energies of the sampled aptamer sequences was compared
with that of the virtual aptamer sequences. As a result, 1t was
found that, in R5, the median of the virtual aptamer sequence
was smaller than that of the sampled aptamer sequences, and
in R6 and the round subsequent thereto, the median of the
virtual aptamer sequence was much lower than that of the
sampled aptamer sequences. These results demonstrate that,
by comparing the free energies of the sampled aptamer
sequences with the free energies of the virtual aptamer
sequences, it 1s possible to check whether or not the desired
aptamers are enriched.

While the present invention has been described above
with reference to illustrative embodiments, the present
invention 1s by no means limited thereto. Various changes
and modifications that may become apparent to those skilled
in the art may be made 1n the configuration and specifics of
the present invention without departing from the scope of
the present invention.

This application claims priority from Japanese Patent
Application No. 2010-152020 filed on Jul. 2, 2010. The
entire disclosure of this Japanese patent application 1s incor-
porated herein by reference.

INDUSTRIAL APPLICABILITY

According to the present invention, it 1s possible to predict
casily whether or not the desired aptamer sequences are
enriched merely by comparing the free energy of the target
aptamer sequence group with the free energy of the refer-
ence aptamer sequence group. Thus, according to the present
invention, for example, 1t 1s possible to prevent the selection
process for enriching the desired aptamers from being
repeated excessively or the number of the selection rounds
for enrichment from being insutlicient. Moreover, by pre-
dicting whether or not the enrichment has been achieved
according to the present invention, checking by a wet lab
experiment needs to be performed only with respect to a
pool for which such checking i1s considered to be necessary,
resulting in reduction 1n labor and cost, for example.

EXPLANATION OF REFERENCE NUMERALS

10, 40, 50: prediction device
11: input unit

12: free energy calculation unit
13: enrichment prediction unit
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14: output unit
15: data processing device
16: server
17: line network
41: sequence storage unit
42: free energy storage unit
43: storage device
54: virtual aptamer generation unit
111: communication interface

The invention claimed 1s:

1. A prediction device for predicting whether or not
aptamers that bind to a desired target molecule are enriched
in an aptamer pool, the prediction device comprising:

a Processor;

memory storing executable instructions that, when

executed by the processor, causes the processor to
perform the steps of:

inputting sequence information on a target aptamer group

and sequence nformation on a reference aptamer
group,

wherein the target aptamer group sequence information
has been obtained by sequencing aptamers from an
aptamer pool containing a plurality of aptamers,
wherein the aptamers 1n said plurality of aptamers
cach contain i1dentical 3'-end primer-binding regions
and 1dentical 5'-end primer-binding regions, and
cach have an arbitrary region between their 3'-end
primer-binding region and their 5'-end primer-bind-

Ing region
wherein said aptamer pool has been obtained by enrich-
ment with Systematic Evolution of Ligands by
EXponential enrichment (SELEX), said SELEX
enrichment comprising consecutive rounds of selec-

tion for RNA molecules that specifically bind .to a

desired target molecule, wherein the first selection

round comprises contacting an RNA library com-
prising random sequences with the desired target
molecule, and amplifying RNA molecules therefrom
which specifically bind to the desired target mol-
ecule; and wherein subsequent rounds comprise con-
tacting RNA molecules amplified from e previous
round with the desired target molecule, and ampli-
tying RNA molecules therefrom which specifically
bind to the desired target molecule,

and wherein said reference aptamer group 1s a virtual
aptamer group that includes wvirtual aptamer
sequences, wherein the virtual aptamer sequences
cach contain 1dentical 3'-end primer-binding regions
and 1dentical 5'-end primer-binding regions with the
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same sequence as the 3'- and 3'-end primer-binding
regions of the aptamers in said target aptamer group,
and each virtual aptamer sequence has an arbitrary
region between 1ts 3'-end primer-binding region and
its S'-end primer-binding region with the same base
composition as the arbitrary region in the target
aptamer group;

calculating a free energy of the target aptamer group

based on the target aptamer group sequence informa-
tion, and calculating a free energy of the reference
aptamer group based on the reference aptamer group
sequence 1nformation;

comparing the free energy of the target aptamer group

with the free energy of the reference aptamer group;
and

predicting that aptamers that bind to the desired target

molecule are enriched 1n said aptamer pool when the
free energy of the target aptamer group 1s lower than
the iree energy of the reference aptamer group.

2. The prediction device according to claim 1, wherein
saild memory stores further executable instructions that,
when executed by the processor, cause the processor to
perform the steps of:

generating the virtual aptamer sequences, said generating,

comprising generating virtual aptamer sequences
which each contain identical 3'-end primer-binding
regions and identical 3'-end primer-binding regions,
and which each have an arbitrary region between their
3'-end primer-binding region and their 5'-end primer-
binding region which has the same base composition as
the arbitrary region 1n the target aptamer group.

3. The prediction device according to claim 1, wherein the
number of sequences in the virtual aptamer group 1s from
100 to 10,000,000.

4. The prediction device according to claim 1, wherein the
number of sequences 1n the target aptamer group 1s from 5
to 100,000,000.

5. The prediction device according to claim 1, wherein

the free energy 1s at least one of a mean and a variance of

free energies of the respective sequences.

6. The prediction device according to claim 1, wherein
said memory stores further executable instructions that,
when executed by the processor, cause the processor to
output a prediction result based on the predicting.

7. The prediction device according to claim 1, wherein
said memory stores further executable instructions that,
when executed by the processor, cause the processor to
perform the step of outputting the result to a display device.
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